This research has two main purposes. The first one is to test the modal replacement hypothesis proposed by Smith (2003) and discussed by Leech (2003) , on the basis of data from the Hansard Corpus (THC-1.6 billion words, 1800-2000) and the Corpus of Historical American English (COHA -400 million words, . The second purpose of the study was to draw upon time series models to generate insights about how modal and semi-modal frequencies have changed over time. Cumulatively, these two forms of analysis addressed an acknowledged gap in the current literature on modal and semi-modal frequency change, namely the question of whether modals are being replaced by semi-modals.
increases noted by Leech in the LOB-FLOB analysis and also semi-modal decrease in the DCPSE spoken corpus.
A comparison of the increases in semi-models between the chosen written corpus (LOB-FLOB) and the chosen spoken corpus (DCPSE), given in Table 2 below, reveals some interesting differences. In both of these corpora, the use of have to, need to, and want to increased. Note that be going to, be to, have got to, and used to fared differently in the written and spoken corpora. This finding indicates that there is only a partial overlap across written and spoken British English in terms of the pace of semi-modal usage frequency change. Leech's (2003) analysis of modals was limited to may, should, and must, with LOB and FLOB as the written corpora and SEU-mini-sp and ICE-GB-mini-sp (International corpus of English (Great Britain) spoken English texts from conversation BBC discussions, sports commentaries, other commentaries, BBC news, broadcast talks) as the spoken corpora. These results (Leech, 2003, pp. 232-233) are presented in Table 3 below. Smith (2003) advanced the thesis that the decline of modals was related to the rise of semi-modals. This argument is directly addressed in the empirical findings of the current study, presented in Section 4. Leech (2003) suggested that the forces of Americanization, democratization, and colloquialization might be responsible for the replacement of modals by semi-modals. One of Smith's (2003) points about the possible relationship between the decline of modals and the rise of semi-modals was that -a growing trend in published written discourse towards informal and less hierarchical styles‖ (Smith, 2003, p. 241) was responsible. If this explanation is correct, then modal styles considered formal and hierarchical might have been replaced by their less formal and hierarchical semi-modal equivalents. However, as the analysis of the Hansard Corpus demonstrates in Section 4, no such replacement can be seen when the analysis is expanded to the decades between 1810 and 2000. Moreover, the kind of 2-point cross-sectional analysis carried out by Leech (2003) cannot on its own supply the answer to the question of modal replacement; indeed, cross-sectional analysis is also fairly powerless to illustrate the longer trends in both modal and semi-modal frequencies. These gaps in the existing literature will be closed by means of the statistical approaches outlined in Section 3.
General Review of the Literature
The work of Leech (2003) has been enormously influential, with several other scholars having taken up the task of tracking the change in modal frequencies over time. One such scholar was Millar (2009) , who used the TIME Magazine corpus to analyse changes in modal frequencies from 1923-2006. Millar's work contains an important observation, one that motivates the methodology of the present research : -a diachronic comparison based on two data points may present an inaccurate picture of the overall trend‖ (Millar, 2009, p. 191) . Indeed, the regressions and time-series models in the current study demonstrate the usefulness of being able to examine modal and semi-modal change over a long span of time, with several data points, rather than the diachronic approach taken by Leech. In this sense, the current study is methodologically closer to Millar's work than to Leech's work. Even though Leech and Smith collaborated on an empirical paper (Leech & Smith, 2009) , at around the time of the publication of Millar's paper, they continued to use older, cross-sectional methods of analysis rather than the technique advocated by Millar. Despite the existence of more advanced and explanatorily powerful techniques such as those used by Millar, several scholars (Berkenfield, 2006; Biber, 2004; Dollinger, 2006; Nokkonen, 2006; Rossouw and van Rooy, 2012; Vis, Sanders, and Spooren, 2012) have continued to prefer the diachronic techniques used by Leech (2003) , Smith (2003) , and Leech and Smith (2009). Millar (2009) found a general rise in modal growth. Newspapers and journals have been leaders in terms of creating accessible virtual corpora, but the rise of large virtual corpora such as THC and COHA means that, in some respects, one-source corpora such as that of TIME are perhaps obsolete in corpus analysis. Thus, while Millar's work is an important demonstration of statistical techniques that go beyond diachronic analysis, its underlying corpus is not necessarily of high value.
Occasionally, the choice of limited corpora and diachronic analysis has led to conclusions about the relations between American and British English that are not well supported. For example, using diachronic analysis and drawing upon newspaper-based corpora for American English, Hundt reached the conclusion Hundt (1997) that the decline of must in American usage had influenced the decline of must in English usage. But this conclusion is not supported by an analysis of THC and COHA frequencies, in which must is observed to decline in both British and American English from 1810 to around 1920, after which the British use of must rises in comparison to the American use of must. Hundt's use of diachronic analysis prevented an identification of the actual pattern in the data, which only becomes apparent in the kind of time-series graphs used by Millar (2009) .
Methodology
Consider the following modals and semi-modals, with need omitted because of what Leech (2003) described as its transition into semi-modal status: In this chapter, the changes in relative frequency of these modals and semi-modals will be tracked and interpreted, using 2 historical written corpora: First, consider the thesis of semi-modal replacement. If semi-modals are replacing modals over a long sweep of historical time, then one means of detecting such change is to calculate the relative frequency of all modals or semi-modals in some corpora, and calculate log-likelihoods of changing frequencies based on cross-sectional comparisons. Such procedures have been followed by Leech (2003) and other linguists.
However, there are richer possibilities for analysis, given that THC and COHA are not monolithic, cross-sectional corpora, but rather time-series corpora. Each corpus offers the opportunity to calculate the relative frequency of either modals or semi-modals on a year-by-year basis. When yearly data points can be gathered, it is possible to use methods other than 2-point cross-sectional frequency comparisons to determine if there has been an ongoing replacement of modals with semi-modals.
For example, an ordinary least squares (OLS) model (Eisenhauer, 2003) can be fit to the data. An OLS model is a form of regression proceeding under the assumption that a 1-unit change in the independent variable can be associated with a fixed n-unit change in the dependent variable. The dependent variable is a variable that depends on one or more other variables, while an independent variable is a variable in an equation that may have its value freely chosen without considering values of any other variable. Independent variables are graphed on the horizontal axis and the dependent variables are graphed on the vertical axis (Eisenhauer, 2003) . OLS models are often a default model for regression, as deviations from the OLS line of best fit are easy to see on a scatterplot, and because OLS models' significance levels, coefficients of determination, and Beta coefficients are easy to obtain and interpret (Eisenhauer, 2003) . Linear models can be fit to determine whether patterns of rise and decline are observable on a year-by-year basis.
Another example of more informative statistical techniques is an unobserved components model (UCM) (Morley, Nelson, & Zivot, 2003) that could be used to determine whether the frequency of any particular modal or semi-modal has grown or declined in a particular way (such as through a random walk with trend). UCM is a form of time series analysis utilized when (a) there are data that change over time and (b) there is no pre-existing explanation of what might be influencing changes in data. A UCM is described as unobserved because it is not clear what variables might be influencing changes over time (Morley et al., 2003) .
Finally, Markov-switching techniques can be used to detect specific historical eras (perhaps spanning multiple decades) in which there are marked rises or falls in frequencies of either modals or semi-modals (Kim, 1994) . The basic assumption of Markov-switching is that the same time-series can contain multiple eras, that is, periods during which the dynamics of change are different (Kim, 1994) . For example, if semi-modals were observed to increase from 1800 to 1900, and then decline from 1900 to 2000, Markov-switching would identify 2 eras in the data. Because there are numerous modals and semi-modals in the study, and because of space restrictions in the thesis, some of the time-series procedures have been carried out on aggregate frequencies. However, the methods demonstrated with aggregate frequencies (that is, the frequency of all semi-modals or all modals taken as a class) can be just as easily utilized on individual modals or semi-modals.
Results
Chapter 4 has been divided into five parts. The first part of chapter 4 consists of a presentation of raw data. The second part presents results obtained by using regression models for both corpora. The third part consists of time-series analysis. The fourth part addresses distributions and cross-sectional analysis.
Raw Data
The four tables below show the frequencies of modals and semi-modals in THC and COHA corpora, which I extracted from data taken every decade from 1810 to 2000. Thus, we obtained 20 data points spanning 190 years.
The modal frequencies from THC are presented in table 5 and the semi-modal frequencies from THC are presented Table  6 , while the modal frequencies from COHA are presented in table 7 and the semi-modal frequencies from COHA are presented Table 8 . The modal frequencies from COHA are presented below: The data in the four tables above provided the basis for the analyses to follow.
Regression Models
The modal replacement thesis (Smith, 2003) is that, over time, semi-modals have come to replace modals. This claim can be empirically tested by regressing semi-modals frequency on modals frequency in an ordinary least squares (OLS) regression model:
THC modal frequency = βTHCsemi-modal frequency + β0
The first such model was fit for THC. Note that the OLS regression showed that there was a significant (at an Alpha of The coefficient of determination for the THC modals and semi-modals is 0.1897, which means that 18.97% of the variation in modal frequency can be explained by variation in semi-modal frequency. Note that the Beta coefficient for THC semi-modal frequency was positive, which is consistent with the interpretation that semi-modals are not replacing modals; rather, in THC, each 1-unit frequency increase in semi-modals is associated with a 0.429 increase in the frequency of modals. Therefore, it does not appear as if semi-modals are replacing modals in THC.
The same analysis was carried out with the COHA data. For COHA, as for THC, both modal and semi-modal frequencies were averaged and then placed into an OLS model:
COHA modal frequency = βCOHAsemi-modal frequency + β0
The scatterplot for this regression follows below. Note that the OLS regression showed that there was a significant (at an Alpha of 0.10) effect of semi-modal frequency on modal frequency, F(1, 18) = 45.91, p < 0.0001. The equation was as follows:
COHA Modal Frequency = (COHA Semi-Modal Frequency)(-2.868) + 1563.754
The coefficient of determination for the COHA modals and semi-modals is 0.7183, which means that 71.83% of the variation in COHA modal frequency can be explained by variation in semi-modal frequency. Note that the Beta coefficient for COHA semi-modal frequency was negative, which is consistent with the interpretation that semi-modals are replacing modals. In COHA, each 1-unit frequency increase in semi-modals is associated with a 2.868 decrease in the frequency of modals. Therefore, it appears as if semi-modals are replacing modals in COHA. One way of visualizing the possible replacement of modals by semi-modals in written American English is by placing modal and semi-modal frequencies on the same time line. This procedure does not work well with untransformed data, because modal frequency is far higher than semi-modal frequency and therefore does not provide useful information when placed on the same time line as semi-modal frequency. However, after both modal and semi-modal frequencies are log-transformed and placed on the same time line, they offer support for the claim that, in written American English, semi-modals are moving towards convergence with modals: The results of the OLS models above are of special interest, as they indicate a possible effect of country on the modal replacement phenomenon. In American English, the COHA data from 1810 to 2000 support the replacement thesis; in British English, the THC data from 1810 to 2000 do not support the replacement thesis. This finding offers an empirical means to address the issue of modal replacement, which was left unresolved by both Leech (2003) and Smith (2003) .
Time-Series Analysis
As mentioned in Section 3, the time-series nature of COHA and THC allow an investigation of the change in modal and semi-modal frequencies over time. The standard approach to the time-dependent comparison of corpora, as exemplified by Leech (2003) , has been to compare a cross-section of a corpus at a particular point (such as 1960) to a cross-section of a corpus at another point (such as 1990). Cross-sectional comparison is a crude way of understanding change in a time series. A more robust and informative approach is to consider the change of a corpus in every year or every decade. In the case of THC and COHA, data were available for multiple years from 1810 to 2000. These corpora were sampled in every decade from 1810 to 2000 (a total of 19 data points), and the modal and semi-modal frequencies from these years were averaged.
The four time lines that follow illustrate the change in THC and COHA modal and semi-modal frequencies over time.
Although the time line for change in THC modal frequencies looks somewhat like a random walk, it can actually be fit with an OLS model that is significant, F(1, 18) = 6.30, p = 0.0219. The equation for this model is as follows:
THC modal frequency = (Year)(0.676) + 716.6431
The R 2 of this model is 0.2591, indicating that around 26% of the variation in THC's modals can be explained by the passage of time. Hence, every year, British English has added 0.676 in modal frequency. When a random walk model was fit on these data, Akaike's information criterion identified by (Allan and Chih 1998) -the Akaike information criterion, AIC, is measuring for regression and it is probably the most commonly used model selection criterion for time series data.‖ Akaike's information criterion was actually lower for the random walk than for the linear model, suggesting that (a) there is a secular increase in THC modals and (b) the increase can be understood through the passage of time. Because OLS regressions provided excellent fits for 3 of the 4 time lines, and a significant but small fit for the 4 th , no further UCM testing on Markov switching was attempted. The data appear to indicate that modals and semi-modals have both risen over time for THC, whereas, in COHA, modals have declined and semi-modals have increased.
The foregoing time series analyses offer insights into the nature of modal and semi-modal frequency change over time in both British and American English. One point of interest is to identify points of convergence and divergence between these two forms of English. The analysis of modals reveals that, over time, British and American usage has diverged significantly. American and British modals frequencies were nearly identical in 1810; however, by 1830, there was a fairly substantial gap in modal use between the 2 countries, a gap that has been becoming progressively wider. In terms of semi-modals, American and British written English again started out at about the same frequency. Then, starting at around the time of the First World War, the British use of semi-modals increased radically. At around the time of the Second World War, the British and American use of semi-modals once again began to converge, and, as of 1990, was nearly identical. Then, after 1990, another period of convergence seemed to have begun. Both Leech (2003) and Smith (2003) discussed the possible influence of American English on the increasing use of British semi-modals. However, a glance at Figure 8 confirms that, for nearly 2 centuries, written British English has higher semi-modal frequencies than written American English, a fact that does not appear to support the Americanization thesis. Of course, it should be noted that the analyses presented above are based on averaged figures. An examination of the frequencies of individual modals and semi-modals reveals more complex dynamics. For example, the fate of modal would demonstrates the opposite of the trend that can be seen in all modals (see Figure 9 ). With would, there is a convergence between British and American use, whereas, when all modals are averaged, there is a marked divergence between frequencies clearly visible in Figure 9 . In addition, simplistic ideas of divergence and convergence can be challenged by an analysis of the frequencies of modals such as will. Will was far more dominant in written American English at the beginning of the 19 th century but was overtaken by the frequency of will in English usage at around 1870. One of the advantages of time-series analysis of frequency change, as opposed to the cross-sectional methods used by Leech (2003) and other scholars is that a full appreciation of the change in frequencies is possible. A 2-point cross-sectional analysis of the frequency of will could never reveal the full extent of how this modal has risen steadily in British English, while declining steadily in American English. Figure 11 . Frequencies for will in British and American written English over time.
When the modals and semi-modals are examined on their own, and in averaged terms, one of the key insights that emerge is that both modals and semi-modals simply became denser in British usage over the passage of time. The Americanization thesis is further challenged by this insight, as the data support the inference that, especially from the early years of the 20 th century onwards, it is British English that has taken the lead in terms of denser usage of both modals and semi-modals. While the reason for this trend cannot be adduced from statistical analysis alone, its existence should serve as a guidepost to future scholars. Figure 12 illustrates that THC data Need indicated that the use of modals was substantially more frequent than COHA. Need was far more dominant in written American English at the beginning of the 19 th century but was overtaken by the frequency of Need in English usage at around 1900.
The relationship between modals and semi-modals (addressing the modal replacement hypothesis) was explored in the regression models, but it is possible to extend this analysis to the impulse response function (IRF) technique in time series analysis. This technique (Box, Jenkins and Reinsel, 2011; Shumway and Stoffer, 2013) makes it possible to model the impact of a ‗shock' in the independent variable to change in the dependent variable. For example, if a sudden, sharp rise in semi-modals occurred at one point in the recent history of American or British English, it would certainly be useful to be able to determine (a) just how long this shock influenced the frequency of semi-modals and (b) what the magnitude of the influence was.
The first IRF graph below is for COHA and suggests some interesting dynamics. The blue line is the element of interest; it represents the response of American modals to a change (specifically, an increase) in semi-modal frequencies. The red lines represent the 95% confidence interval of the blue line, which is best understood as the response of modals to the change in semi-modals. This graph offers a different way to think about the replacement thesis. Recall that, in Figure 1 , it was showed that the increase in American semi-modals was negatively correlated with American modals. Also, figure 2 showed how a 1-standard deviation increase in semi-modals in American frequency takes only 2 decades to manifest itself as a decline in modal frequencies; note that 2 decades is the amount of time needed for the blue line in Figure 1 to go from positive to negative territory. Then, there is a century-long effect, as the blue line never reaches positive territory again. In other words, American English's response to an increase in semi-modals is to suppress modals 2 decades later, and the effect of this suppression lasts indefinitely.
The dynamics of the relationship between modals and semi-modals in British English are quite different, as the IRF illustration below conveys. In British English, an increase in semi-modals suppresses modal frequencies for about 30 years; however, after that, an increase in semi-modals actually leads to an increase in modal frequencies, and this effect lasts for 7 decades and more (note that both IRF graphs were programmed to stop after 10 decades' worth of analysis). The IRF graphs provide a form of insights that the regression models do not, but both the IRF graphs and the regression models illustrate the same basic phenomenon: the replacement of modals by semi-modals in English, and the joint increase in both modals and semi-modals in British English. The most important empirical contribution of the thesis is an identification of a replacement effect in one country but not in the other.
Distributions and Cross-Sectional Analyses
An analysis of histograms for modals and semi-modals in both THC and COHA offers yet another means of understanding the frequency distributions of modals and semi-modals in American and British English. An appropriate histogram with which to begin is the histogram of modal frequencies in COHA, which follows below: Figure 15 . Histogram of modal frequencies, COHA.
Note that this distribution follows a Gaussian pattern. Modal frequencies peak between 1300 and 1400, and are less dense on the edges of the distribution. However, in the modal frequency distribution for THC, there is marked evidence of platykurtosis; the so-called flat distribution has a much tighter range (around 500 less than the range of the COHA An analysis of the histograms for semi-modals for THC and COHA also illustrates a contrast between these 2 corpora. British English demonstrates peaks towards the right of the distribution, whereas, in American English, the highest peak is towards the left of the distribution. These differences in skewness offer some perspective on how semi-modal usage is simply denser in British English. The time-series analyses presented earlier confirm that the increasing density of semi-modal usage is dependent on time. However, one point for future scholars to address is why British English underwent, in the first half of the 20 th century, a period of marked inflation of semi-modals as compared to American English. Leech's (2003) and Smith's (2003) work on semi-modals and modals was based on British English corpora and was delimited by time to the period between 1960 and 1990. Both Leech and Smith found evidence of a decline in modals and a rise in semi-modals. In the current study, this finding was confirmed only for American English, by means of COHA. An analysis of a historical British English corpus, THC, found that both modal and semi-modal frequencies rose over time.
Conclusion
The results of the current study did confirm a rise in semi-modals for both American and British English, but a case for the existence of a possible substitution effect (in which the rise of semi-modals displaces the use of modals) can only be made with reference to American English. No such effect exists in THC.
In addition to providing analyses that addressed the issues of semi-modal increases and the modal substitution hypothesis, which have been discussed in past studies (Leech, 2003; Smith, 2003) , this study also reached conclusions that are novel, in that they do not appear to have been discussed in previous empirical literature. One such conclusion pertained to modal divergence between American and British English. At the beginning of the 19 th century, American and British English were fairly close together in terms of modal frequencies, but, over the course of the next 2 centuries, there was a steady rise in the modal frequencies of British English while modal frequencies in American English declined.
In terms of semi-modal frequencies, the time-series data suggest that, except for a relatively brief period during the first half of the 20 th century, during which British usage of semi-modals outstripped American usage, there has been convergence. The convergence suggests that the Americanization hypothesis about the increase in semi-modals is incorrect, as least on the basis of THC and COHA. If anything, the data support a thesis of Anglicization, as British English had led American English in terms of semi-modal frequencies for nearly 200 years.
